Abstract -Gas chromatographic columns, which hdve internal diameter 1-4 mm, but a r e not longer than 25-30 cm, could be used i n t h e a n a l y t i c a l practice i f t h e packing has spread surface. Untreated and modified s i l i c a g e l was u t l i z e d f o r this purpose i n order t o obtain columns with d i f f e r e n t polarity. It i s shown the influence of the column length, i n t e r n a l diameter and p a r t i c l e s i z e of packing on t h e efficiency, retention volumes, r e l a t i v e retention etc.
INTRODUCTION
The column i s the simplest, but most important p&, of the apparatus f o r gas chromatography and design of the column has a t t r a c t e d the a t t e n t i o n of aany s p e c i a l i s t s . Although various types of column have been proposed (e.g. open tubular, SCOT, F", WCGT, wide bore or micro-packed) f o r most applications t h e usual form of packed columns has not undergone much changeapart from a reduction i n s i z e f o r some purposes.
There a r e three ways i n which it i s possible t o reduce the s i z e of a packed coluan (ref. 1 4 3 ) , i.8. by reducing i t s i n t e r n a l diameter, i t s length or both i n t e r n a l diameter and length. The i n t e r n a l diameter of micropacked columns can be reduced below 1 mm, but high i n l e t pressures a r e required. V e r y l i t t l e systematic work has been carried out with shortened columns of nomiel dianteter ( i . 8 . 2-4 m). Colu8ms of this type a r e sometimes used in combination with capillary columns (ref. 14-16): i n all cases, high i n l e t pressures have been required t o o b t a i n low values of RETP. The work report e d here has been carried out with columns of i n t e r n a l diameter 1-4 mm and length 25-30 cm. The columns were packed with middle-sized graded packing and normal i n l e t pressure was used.
The measurements shown in the following were carried out with untreated, and modified with h e y e t h y l d i s i l a z a n e , wide pore s i l i c a gel, whose s p e c i f i c surface was S = 217 m /g.
iNLET PRESSURE
The decrease of the p a r t i c l e s i z e , i n order t o obtain b e t t e r efficiency leads t o an increase of the i n l e t pressure. It i s desirable however t o maintain it as low as The data show ( Table 17 , that t h e i n l e t pressure of the columns under investigation i s a l i n e a r function of the column length. ossible t o avoid t h e need of gas l i n e reconstruction. AP = Bqc3L/dp 2 where AP i s the difference between the i n l e t and o u t l e t pressures of the column, q i s the viscosity of the g a s -c a r r i e r , d i s the flow r a t e , i s the p a r t i c l e diameter and B i s constant. If the upper l i m i t of the $inlet pressure expressed as i n l e t / o u t l e t pressure r a t i o , i s 2.4-3, it could be seen from the data that i t i s possible t o work even with f i n e r p a r t i c l e s of the packing.
The dependences between the i n l e t pressure and i n t e r n a l column diameter and meen p a r t i c l e diameter of packing are not linear. They show that for a 20 cm columns with diameter 2 mm and grain s i z e 63 -71 A m the r a t i o Pi/??, i s below 2, which allows t o make a f u r t h e r optimization of t h e column. 
OC.
The corresponding data i n the t a b l e for the short columns could be compared with the data f o r columns with length 90 cm. One of themwas packed with modified s i l i c a gel and t h e other w a s packed w i t h packing squalane on Chromosorb W/HP. It i s evident t h a t p r a c t i c a l l y the short columns have i n most cases a normal pressure ratio not higher than 2.
The r a t i o d d i s an i n t e r e s t i n g column parameter. Fig. 1 presents the influence P/ofc this parameter on t h e pressure r a t i o . The l i n e I shows t h e change of pressure r a t i o depending on the mean p a r t i c l e s i z e , a t constant column diameter 2 m. The l i n e 2 express the function of pressure r a t i o i n the case of constant p a r t i c l e s i z e 63-71 p m . Similar r e s u l t s a r e obtained f o r micropacked columns too (ref. 18). The cross point of the l i n e s corresponds t o the optimal value of the diameter ratio.
HEIGHT OF THEORETICAL PLATE (HETP)
The HETP i n a l l cases under investigation a r e lower than 0.6 mm. Practicall y an efficiency of almost 3000 t h e o r e t i c a l p l a t e s per meter could be achieved. HETP i s independent of t h e column length, but depends on the column diameter. The l a s t r e s u l t f o r capillary packed columns was obtained from other authors too (ref. 5).
As i s known uniform f i l l i n g of the columns could be achieved i f t h e r a t i o \/d
i s not higher than 0.5 (ref. It could be seen from curve 1 (Fig. 2) that the columns under investigation with constant column diameter (2 mm) but d i f f e r i n g i n t h e p a r t i c l e s i z e of packing correspnds t o the capillary packed columns. Curve 2 (Fig. 2) shows that HETP increases at t h e values of diameter r a t i o corresonding t o 3 and 4 mm columns (constant p a r t i c l e s i z e 63 -71 p m ) .
favourable the decrease of p l a t e height i s due probably t o the dry method of f i l l i n g . The n e t retention volumes however change depending on the parameters connected with the t o t a l sorbent surface i n the columns. It i s i n t e r e s t i n g t h e dependencebetween the net retention volume per gram s i l i c a g e l and p a r t i c l e sizes.It increases a t the small p a r t i c l e sizes, which indicates some increase in the s p e c i f i c surface. The measurement of the specific surface by the method of the thermal desorption gave no difference i n t h e s p e c i f i c surfaces of the s i z e fractions. Probably the s e n s i t i v i t y of the method i s not sufficient t o show the change, while t h e retention i s influenced from it.
The long column (90 cm) packed w i t h shows very high value of t h e KElcP i f it i s compared with the value f o r t h e short columns. The height of the t h e o r e t i c a l p l a t e f

RELATIVE RETENTION AND CAPACITY
The change i n the r e l a t i v e retention, measured by the p a i r benzene/cyclohexane, i s similar t o t h e change of the retention volumes. The increase of t h e t o t a l surface of t h e packing leads t o an increase of the r e l a t i v e retention. More i n t e r e s t i n g i s the dependence of r e l a t i v e retention on the 7 Fig. 3 ) .
a r t i c l e size. The highest values are obtained a t t h e lowest p a r t i c l e s i z e s '*0° I For the columns under investigation r e l a t i v e retention increases i f column length, column diameter and p a r t i c l e dismeter increase too. The values of the r e l a t i v e retention a r e between 1.40 and 1.70. The corresponding values on t h e column packed with squalane on Cbromosorb W/HP and on the long column w i t h unmodified s i l i c a g e l a r e 1-27 and 1.72. The values of t h e capacity, calculated f o r the columns under investigation a r e between 25 and 40. They a r e therefore close t o the usual packed columns = 5-100) and d i f f e r considerably from the packed capillary columns [$ = 0.1-5 -r e l a t i v e retention, the r a t i o of the adjusted retenPi Po vN d t i o n volumes of cyclohexane and benzene.
